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Overview
• Consumption-based approach
• On different spatial scales

• International (trade)
•National (US, China)
•Regional (examples from the UK)
• Local (housing project in Vienna, 
Austria)

• Summary



Today’s production is based 
on global supply chains

Exemple ocde parts d’un mòbil / altres

Der Spiegel, The Global Toothbrush, 01/31/2006 
http://www.spiegel.de/international/spiegel/0,1518,398229,00.html



What are consumption-based emissions?

(Carbon Trust, 2006)



Similar to calculating 
emissions by all 
factories in a given 
territory

we could also 
calculate emissions 
by all products and 
services consumed 
in that territory

(Source: Santacana, 2008)



in the first case, we 
will know WHERE
emissions occur

in the second 
case, we will 
know WHY
emissions occur

(Santacana, 2008)



From cradle to the grave using 
Life-Cycle Analysis (LCA)



(Source: Santacana, 2008)

There are millions of products, each one is 
different from the other!
If we want to calculate emissions from all 
consumption of a given territory, we will 
obviously not be able to do that with LCA



“TOP DOWN” AND “BOTTOM-UP” APPROACH 
CONSUMPTION EMISSIONS (CARBON FOOTPRINT)

Local carbon footprint

Carbon footprint of countries

Carbon footprint of companies and 
organizations

Carbon footprint of products and 
activities

Citizen carbon footprint

“TOP DOWN”

Input-Output Analysis

Regional carbon footprint

“BOTTOM-UP”

LCA



Direct GHG emissionsIndirect GHG emissions (supply chain)
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What are direct and indirect emissions of a household?



CALCULATING CONSUMPTION EMISSIONS

• the sectors of an economy are interrelated (in $)

• an economic activity demands, in its production process, inputs from 
other economic activities

• an increase in final demand of a good or service produces an indirect 
demand of other goods and services that serve as intermediate 
inputs to producing that specific good

(Santacana, 2008)

Input-Output Tables
show how



Production and consumption categories

Calculation of consumption emissions by 
production activities

Consumption categories
(COICOP group)

Miscellaneous goods and services 
(COICOP 12)

Restaurants and hotels (COICOP 
11)

Education (COICOP 10)

Recreation and culture (COICOP 9)

Communication (COICOP 8)

Transport (COICOP 7)

Health (COICOP 6)

Housing, furnishings and household 
goods (COICOP 4, 5)

Household energy (COICOP 45)

Clothing and footwear (COICOP 3)

Food (COICOP 1, 2)

(…)

(Santacana, 2008)



What are direct and indirect emissions of a household?

(Weber & Matthews 2008 with newer data)
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Summary - Methods

• Production versus consumption-based 
accounting approach

• Hybrid models (IO & LCA)
• Problems

Next: some applications



http://xmb.stuffucanuse.com/xmb/viewthread.php?action=attachment
&tid=4175&pid=12213

International trade



US household CO2 and location of imports (2004)

(Weber and Matthews 2008)



Embodied CO2 in imports (Weber and Matthews, 2008)



Embodied CO2 in exports and imports (2001)

(Peters and Hertwich 2008)



Source: Komerup Bang et al. (2008)

EU CO2 Trade Balances



Source: SEI (2008)



Per capita Carbon Footprints

(Various sources)
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Summary - Trade

• Large inequalities internationally
• And within countries
• Consumption-based approach favours 

developing countries

Next: China



China



Motivation: China’s CO2
Emissions

Chinese CO2 Emissions (IEA Estimate)
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China: Structural Decomposition Analysis
• From 1992 to 2002, 59% increase in CO2 

emissions
Consumption 
Volume, 129%

Total, 59%

Consumption 
Structure, 3%
Production 
Structure, -11%

Emissions 
efficiency, -62%



Drivers of change (1992-2002)



China’s exports (Weber et al.,2008)

33%

21%



Destinations of China’s exports

(Weber et al. 2008)



Chinese export emissions by commodity group 

(Weber et al. 2008)



China - Summary

• Significant difference between urban and rural 
lifestyles and emissions

• Efficiency gains are not sufficient

• Almost a 1/3 of emissions for export production



UK



MOSAIC: Using Geo-demographic 
Marketing Data

• Experian: world leading 
supplier of consumer 
segmentation

• MOSAIC UK: consumer 
classification

• Comprehensive post-code specific 
information on property, residents 
and their lifestyle

• 61 lifestyle groups
• over 400 variables

www.sei.se/reap



UK Final demand decompostion

•

(Minx, 2008)



(www.sei.se/reap)



(www.sei.se/reap)

Specific carbon footprints

Housing Travel Food





Case Study

Car-Free City: 
Vienna, Austria

(Ornetzeder et al. 2007)



Location in Vienna (Wien)



CO2 emissions
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Emissions



Approach allows linking the global and the local

(www.sei.se/reap)



Conclusions
• Holistic approach 

– Territorial, Production and Consumption

– Territorial explains where

– Consumption explains why

• Combination of top-down and bottom up

• Analyses at different scales: global, 
national and local



• Scientific challenges
– Uncertainty, data, methods, 

definitions, …
– Can be overcome with time

• Policy and Regulatory Challenges

– Actors operate outside of their 
“territory”

Conclusions cont…



Conclusions cont…

Rich countries tend to have:
– Stabilized production-based emissions
– Increased consumption-based emissions

Currently, we see a separation between a 
country’s consumption and the global 
production system

Brings into question decoupling of economy 
and emissions



Conclusions cont…
•“Shadow Consumption based Indicator”
alongside official accounting

•Increase transparency and equity in 
climate change policy

•Effective policy on sustainable 
consumption and production



Klaus Hubacek
k.hubacek@leeds.ac.uk

+ Glen Peters, Chris Weber, Dabo Guan, Jan Minx
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Additional slides



Carbon Footprint for US 
Households



Carbon Footprint for US Households (2004)

Source: Weber & Matthews (2008)



Carbon Footprint and Income

(Weber & Matthews, 2008)



Carbon Footprint and Household Size

(Weber & Matthews, 2008)



US - Summary

• 30% of total US household CO2 was produced 
outside the US

• Households vary considerably in their CO2 
responsibilities

• Household income and expenditure being the best 
predictors



How to reach 20 GTCO2e by 2050

Source: McKinsey Analysis



A ‘Carbon revolution’ needs to be 10 times faster than the 
industrial revolution rise in labour productivity

Source: Contours of the world economy 1-2030 A.D. Madison, 2007. McKinsey Analysis.



Live at 20 GTCO2e per year

Source: McKinsey Analysis



Carbon emissions from meat consumption

(www.sei.se/reap)



Global Balance

Source: Peters (2008)



IPCC definition: “national (including administered) 
territories and offshore areas over which the
country has jurisdiction”

Production-based inventories are based on the 
economic activities of residential institutions as defined in 
the System of National Accounts (including international 
economic activities primarily, international transportation 
and tourism—as defined in GDP

Consumption-based emission inventory as the total 
global emissions occurring from economic consumption 
within a country 



Approaches

• case-control study of the ‘car-free’
settlement

• combination of the quantitative and 
qualitative social research designs 

• with input-output analysis, 
• LCA, 
• questionnaires, and 
• qualitative interviews. 



Emissions



Mobility



CO2 emissions
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Fuel consumption in 1000 
Megajoules per capita

Population density (cap per hectares)

US Cities

Australien Cities

Central European Cities

(Runge 2005 after 
Newmann & 
Kenworthy 1989)



United Kingdom Wiedmann et al. (2008)



The Drivers of CO2 Emissions – 1981-2002

Structural Decomposition Analysis (1981-02)

(Guan, et al. 2009)



R2 = 0.8969

-

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

50.00

0 100 200 300 400 500 600 700 800 900 1000

Weekly household income (£)

C
ar

bo
n 

Fo
ot

pr
in

t (
C

O
2e

t/h
h)


